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Anticholinergics and Central
Nervous System Effects:

Are We Confused?
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The central nervous system (CNS) effects of anticholinergic agents have been
documented in various patient populations and to varying degrees in case re-
ports, brain-activity surrogates, and computerized cognitive testing. The older
patient population with overactive bladder represents a group at increased
risk of cognitive impairment and other CNS side effects associated with an-
timuscarinic agents. The complexity of the effect of anticholinergic agents on
CNS function requires an increased level of careful investigation. Studies
need to be performed in the at-risk population with multiple, validated tests
at clinically prescribed doses in acute and chronic situations. These studies
need to take into account the effect of commonly prescribed dosing regimens,
with doses selected to represent with equivalent bladder potency. The alter-
ations in the serum levels and parent/metabolite effects contributed by
metabolic issues or drug delivery systems require special attention.
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is a combination of behavioral and pharmacologic therapy. Anticholinergic
agents are the mainstay of drug therapy. These agents exert their activity
by blocking the effects of acetylcholine at muscarinic receptors of the bladder,
and are therefore referred to as antimuscarinics (AMs). A recognized category of
adverse events for the AM drug class is the potential for central nervous system
(CNS) effects. Most physicians consider many of the adverse CNS events as “safety
events.” The use of AMs for treatment of OAB in the elderly has been tempered
as a result of these concerns and is a highly relevant topic for discussion.
OAB is a particularly common condition in the elderly, affecting at least 25%
of people over age 65." Those who are cognitively impaired may be more suscep-
tible to CNS events and to further cognitive decline. In addition, portions of the

T he current standard of care for older patients with overactive bladder (OAB)
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geriatric population may be at in-
creased risk because of the use of
other pharmacologic agents with AM
activity (known as anticholinergic
load), alterations in metabolism,
drug-drug interactions, or additional
medical comorbidities. Even a
younger population may manifest
CNS events, including cognitive
changes, dizziness, somnolence, and
sedation.

Of note, positive case reports, ab-
normalities in surrogate measures of
CNS function, and alterations in per-
formance on computerized cognitive
studies have been published on the
CNS effects of some of these agents.
However, phase III placebo-controlled
and community-use studies have not
reported a population effect for CNS
events, in part because they report on
the population and not the individual
occurrences, employ unsolicited CNS
adverse-event reporting, enroll a het-
erogeneous group of patients with
varying susceptibility and risk, and
utilize a methodology that is under-
powered to detect a difference from
placebo for a given adverse event.
This review also addresses the contro-
versy surrounding how these agents
have been and might best be assessed
for CNS effects.

AM Pharmacology

Recent reviews have suggested that
AMs may work via efferent blockade,
the inhibition of the pathway leading
to bladder contraction and voiding,?
and in addition, the afferent pathways
that alter the sensory feedback from
the bladder.’ Five distinct muscarinic
receptor subtypes (M1-M5) are known
to exist.* The detrusor muscle of the
bladder contains predominantly M2
and M3 receptors, with the M2 sub-
type approximating 80% of recep-
tors.” The M2 receptors have been as-
sociated with activity relating to the
accommodation of urine during uri-
nary storage, and the minority popu-
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lation of M3 receptors are presumed
to be primarily responsible for blad-
der muscle contraction. However, it
has been noted that these functions
can be altered in various disease
states.® AMs have the potential to
bind to muscarinic receptors through-
out the body in various organ systems
and are responsible for the commonly
noted adverse events of the drug
class; therefore, blockade will not
only disrupt activity in the detrusor
muscle but will also interfere with
other organ systems. For instance, M3
muscarinic receptors are also present
in smooth muscle of the bowel, sali-
vary glands, and eyes. Blocking these
receptors may cause a relative in-
crease in the adverse effects of consti-
pation, dry mouth, and blurred vision.
Alternatively, M2 receptor blockade
of the heart may cause a relative in-
crease in heart rate.’

CNS.%? Clinically, older patients with
existing cognitive impairment and
those with early stage dementia, age-
associated memory impairment, or
mild cognitive impairment can be es-
pecially vulnerable to these cognitive
side effects.

Central Nervous System Side

Effects: The Blood-Brain Barrier
The CNS side effects caused by AMs
may vary depending on the ability of
the drugs to penetrate the blood-brain
barrier (BBB) and the pharmacologic
activity on CNS receptors. Penetration
of the BBB depends on passive and
active transport. The endothelial cells
of brain capillaries are sealed by
zonulae occludentes and tight junc-
tions and surrounded by astroglial
processes, in addition to a collagen
matrix and pericytes. Consequently,
the electrical resistance across the

M2 receptor blockade of the heart may cause a relative increase in heart

rate.

All muscarinic receptor subtypes
(M1-MB>) are present in the brain.* The
M1 receptor, predominantly located
in the neocortex, is the most abun-
dant subtype in the CNS, hippocam-
pus, and neostratum. M2 receptors are
also located throughout the brain. The
M3 receptor is also present through-
out the CNS, but in relatively lower
density. M4 receptors are abundant in
the neostriatum, and M5 receptors
have been localized in the hippocam-
pus and projection neurons of sub-
stantia nigra, pars compacta, and
ventral tegmental nuclei. It should be
noted that the absolute presence of
receptors and the binding to receptors
does not determine potency or phar-
macologic effect. Clinical studies sug-
gest that cognitive impairment, in
particular memory loss, may result
from antagonism of M1 and, to some
extent, M2 or M4 receptors in the
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endothelium is high, and the passage
of solutes through the paracellular
pathway is greatly restricted. Only
small (400-600 Da), unpolarized,
lipid-soluble molecules can readily
diffuse to pass from capillary blood to
brain tissue.

AMs may penetrate the BBB result-
ing in CNS side effects. The factors
determining the penetration of any
pharmacologically active parent com-
pound or metabolite include 1) serum
concentration (passive diffusion),
2) active transport (“in” or “out”),
3) lipophilicity (predisposition to dis-
solve in fat vs water), 4) the electrical
charge (polarity), and 5) molecular
size and configuration (bulk, not
purely molecular weight) may influ-
ence the extent to which substances
penetrate the CNS under normal con-
ditions. Again, it is important to also
consider the metabolites of the parent



Anticholinergics and CNS Effects

compounds because these agents may
be metabolized to more or less active
or inactive compounds, larger or
smaller molecules not only in weight
(Da) but in size (configuration), and
more or less polar agents with subse-
quent changes in lipophilicity and
more prone to transport.

Certainly, small, lipophilic, non-
charged molecular compounds (ter-
tiary ammonium groups) pass the
BBB more readily than those contain-
ing a quaternary ammonium group."
With regard to the current OAB med-
ications, the relative ranking of
lipophilicity and potential for cross-
ing the BBB is as follows": Of the
tertiary amines, darifenacin is more
likely to cross than oxybutynin and
solifenacin, and these drugs are more
likely to pass than tolterodine. Tros-
pium chloride is the lone quaternary
amine responsible for increased po-
larity and decreased permeability in
the group. An interesting example of
the effects of drug delivery on the po-
tential of a drug to cause an adverse
event would be the transdermal de-
livery of oxybutynin. Transdermal
delivery provides a more stable
serum level and favorably alters the
parent compound oxybutynin to the
metabolite = N-desethyloxybutynin
(DEO) levels (Figure 1). Transdermal
delivery theoretically results in de-
creased systemic adverse events (and
potentially CNS events) by 1) de-
creasing the total anticholinergic
load (less oxybutynin and DEO),
2) providing more stable serum levels
(decreasing passive CNS diffusion),
and 3) reducing the amount of DEO
that may possibly penetrate the CNS
more readily.

A number of conditions have been
shown to increase the BBB perme-
ability. These include increasing
age (> 45 y), the use of certain med-
ications, comorbid diseases, and
stress.'*”'® A permeable BBB, due to
changes in passive barriers, active
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Figure 1. OXY and N-DEO steady-state plasma concentrations. Transdermal delivery provides a more stable serum
level and favorably alters the parent compound oxybutynin to the metabolite N-DEO levels. *Extrapolated concen-
trations from a single OXY-IR dose of 5 mg/d. N-DEO, N-desethyloxybutynin; OXY, oxybutynin. Data from Guay

DR and, New K'? and Appell RA, et al.”’

transport, or efflux mechanisms,
would allow compounds thought less
likely to cross under normal conditions
to have increased penetration to the
CNS. It is important to understand
that active transport mechanisms (en-
zyme systems), passive lipid barriers,
and cell junctions can change with
age. Thus, all AM agents currently
available for OAB treatment, irrespec-
tive of their physiochemical proper-
ties, should be considered to have the
potential to cross the BBB and inter-
act with the muscarinic receptors in
the CNS.

Cognitive Effects of AMs:
Measuring the Clinical Risk

The older OAB patient population
represents a group at increased risk of
cognitive impairment and other CNS
side effects associated with AM
agents. There is a documented normal
age-related decline in memory func-
tion that could result in increased sus-
ceptibility to the potential cognitive
side effects of AM drugs. Age-related
declines in M1 receptor density have
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been well established. There is a theo-
retical risk that additional AM antag-
onism could precipitate an accelerated
decline in memory.

The elderly are also likely to be tak-
ing other medications that have AM
activity, such as antiemetics, tricyclic
antidepressants, antihistamines, anti-
spasmodics, and muscle relaxants. The
use of these medications adds to the
AM burden among older adults and
can lead to increased falls among the
elderly.'” Finally, comorbid conditions
common in older patients, including
cerebrovascular disease, type 2 dia-
betes mellitus, Parkinson’s disease,
and Alzheimer’s dementia may make
these patients more susceptible to cog-
nitive impairment and exaggerate the
effects of AM drugs on cognitive
function.'®

Phase III Clinical Data

During phase III placebo-controlled
clinical trials and head-to-head clini-
cal trials there has been no statisti-
cally significant evidence of increased
CNS events greater than the effects of
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placebo for any of the AM agents. It
should be noted that the method of
collection of these CNS adverse
events is by unsolicited collection
during protocol visits. The studies are
also in a heterogeneous population of
patients, many of whom are not at
high risk, and the small studies are
not powered to detect a difference in
the incidence of these reports between
active agents and placebo. Case stud-
ies have demonstrated that oxybu-
tynin can cause cognitive impairment
in the elderly population,' as well as
case reports of what appears to be
oxybutynin-related delirium.?®* In
addition, tolterodine has been associ-
ated with CNS case reports.* In addi-
tion, in the Overactive Bladder: Per-
formance of Extended Release Agents
(OPERA)® and Overactive Bladder:
Judging Effective Control and Treat-
ment (OBJECT)?** trials, head-to-head
studies, no differences were noted
among extended-release (ER) oxybu-
tynin twice daily, immediate-release
tolterodine, and ER tolterodine with
respect to CNS effects recorded or
nonelicited CNS adverse events during
patient visits.

Chapple and colleagues® used
pooled data on unsolicited adverse
events, including CNS events, from
3 large, multicenter, double-blind,
placebo-controlled studies to assess
the efficacy, safety, and tolerability of
darifenacin. All of the enrolled pa-
tients, aged over 18 years, (N = 1049)
suffered from OAB for a minimum of
6 months. CNS events were similar to
placebo in this population. Staskin
and colleagues,?® utilizing unso-
licited adverse events, demonstrated
no significant difference from placebo
for trospium chloride. Wagg and
coauthors* reported on a cohort of
solifenacin administration specifically
in elderly subjects over 65 years of
age. They did not report any statisti-
cally significant CNS side effects
compared with placebo.
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Assuming that clinical phase III
studies employing an unsolicited CNS
adverse events collection are not spe-
cific enough to elicit and analyze
these events compared with placebo in
a study population, the question arises
as to the proper methods to document
relevant BBB penetration, receptor
binding, pharmacologic effect, and
subclinical or clinical CNS changes.

Sleep Studies for Potential

CNS Effects

The ability of AM agents used for
OAB to exert an effect in the CNS has
been evaluated in the clinical setting.
Using tests such as electroencephalo-
grams (EEG), sleep studies, reaction
time tests, and more sophisticated
imaging studies, one can measure the
effects of specific drug treatments on
brain activity, cognitive functioning,
or receptor binding.

Utilizing sleep studies, there is evi-
dence that AM compounds influence
sleep structure and sleep quality.
There are case reports of pavor noc-
turnus (night terror) after administra-
tion of oxybutynin.?® Two studies
compared the effects oxybutynin,
tolterodine, and trospium chloride on
sleep parameters in healthy subjects.
The first study consisted of young
(22-36 years), healthy volunteers.”
The second study was similarly de-
signed and consisted of healthy vol-
unteers over 50 years of age.*

Polysomnographic recordings, sleep
questionnaires, and psychometric
tests (the number combination test
and the d2 test of attention®) were
performed following single doses of
oxybutynin, 15 mg; tolterodine, 4 mg;
and trospium, 45 mg; or placebo.
Rapid eye movement (REM) sleep (rel-
ative to total sleep time) was the pri-
mary parameter of polysomnography.
In young, healthy patients, the REM
sleep for oxybutynin was signifi-
cantly lower than that for trospium
chloride and placebo. Of note, the
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psychometric tests performed during
this study did not reveal any differ-
ences among the medications. The
clinical relevance of these effects is
small in healthy young volunteers
tested in some of these studies, and
the results may not be confidently
extended to the at-risk population.

In the second study, consisting of
healthy volunteers aged greater than
50 years, there was a reduction of
median REM sleep duration after
oxybutynin and tolterodine adminis-
tration, but there was no significant
change after trospium administration
when compared with placebo. Subjec-
tive sleep variables showed no signif-
icant change. Sleep duration and
quality were not affected by the dif-
ferent medications. Again, none of the
study medications influenced the cog-
nitive skills of the volunteers. How-
ever, this group of patients had a more
distinct impairment of REM sleep after
oxybutynin and tolterodine adminis-
tration than did the younger patients.
In both studies, though, the reduction
in REM sleep did not reach a patho-
logical degree. Thus, impairment in
cognition was not to be expected. The
next logical study would be to assess
elderly patients who already have im-
paired sleep or impaired cognition and
use these tests to measure the effects
of the various AM medications. The
elderly patient population has yet to
be studied with this technique.

EEG Studies for Potential CNS
Side Effects

EEG data have often been reported as
a physiological measure of the impact
of medications on CNS function. In
1994 Pietzko and coworkers®* used
quantitative evaluation of the multi-
channel EEG from young, healthy vol-
unteers to study possible CNS adverse
effects of oral oxybutynin and oral
and intravenous trospium chloride.
Oxybutynin was found to cause a dis-
tinct and significant power decrease in
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various frequency bands of the
EEG. Trospium lacked any significant
influence on the EEG.

In 2001 Todorova and colleagues®
investigated the potential CNS ad-
verse effects of 3 AM drugs: oxybu-
tynin, tolterodine, and trospium chlo-
ride. Again, the subjects were young,
healthy volunteers tested under 3
conditions: at rest with eyes open, at
rest with eyes closed, and under men-
tal demand. They found oxybutynin
caused significant EEG changes. A
clear cumulative effect of the multi-
ple-dose administration was found,
with the most pronounced difference
from placebo after the second and
third doses. In contrast, after admin-
istration of tolterodine and placebo
the EEG remained essentially within
the placebo range.

The EEG effects of darifenacin were
studied in healthy volunteers and
found to be present but short-lived
and not associated with any cognitive
changes.’® Of note, the EEG changes
were interpreted by the investigators
to be related to brain activity associ-
ated with treatment-induced effects
on vision, dry mouth, or sensations in
the bladder.

Cognitive Studies for Potential
CNS Effects

Kay and coworkers® randomized 150
healthy patients aged 60 years and
older to darifenacin, ER oxybutynin,
and placebo. They assessed cognitive

function through a battery of com-
puterized tests. In the assessment of
delayed recall there was no signifi-
cant difference between the darife-
nacin- and placebo-treated groups,
but scores for delayed recall were
lower in the oxybutynin ER treatment
group. Of interest, when screened for
self-rated memory the subjects re-
ported no differences between the
medications. This discrepancy was in-
terpreted by the authors as an addi-
tional risk factor for clinical screening
without sophisticated testing; they
suggested that the patients were im-
paired but did not realize it. However,
in other quality-of-life studies with
OAB patients, statistical changes may
be a finding without significant clini-
cal impact. Also, in this study and
consistent with the selective M3 activ-
ity of the agent, the constipation rate
of darifenacin over 3 weeks (7.5 mg,
15 mg) was seen to be 5 times higher
(10/49 patients vs 2/50 patients) as
an unsolicited adverse event than
among the patients taking oxybutynin
ER (10 mg, 15 mg, 20 mg).

Lipton and colleagues®® studied the
cognitive effects of darifenacin in vol-
unteers 65 years and older and found
it to have no adverse effects. These re-
sults were confirmed in a separate
study of 400 patients aged over 65
years treated for 12 weeks with darife-
nacin. Again, no significant CNS side
effects were seen during screening for
unsolicited adverse events.*”

A study by Perry and coworkers®®
looked at the postmortem brain mor-
phology of patients confirmed with
Parkinson’s disease who were over 70
years of age and were receiving treat-
ment with AM agents. They concluded
that amyloid plaque densities were
more than 2.5-fold higher in patients
treated with long-term AM medication
when compared with untreated pa-
tients or those on short-term treatment.
These findings have not been replicated
in other studies but have major impli-
cations in the use of AMs in the elderly,
especially those with Parkinson’s dis-
ease. Chronic AMs might not be appro-
priate in older patients.

Conclusions

The complexity of the effect of anti-
cholinergic agents on CNS function
requires an increased level of careful
investigation. At the molecular level,
penetration of the different agents into
the CNS with acute and chronic dosing
should be determined, as well as the
true pharmacologic effect of the agents
irrespective of receptor binding but ac-
curately oriented toward CNS potency.
Clinically, studies need to be per-
formed in the at-risk population with
multiple, validated tests at clinically
prescribed doses in acute and chronic
situations. Individual outliers must be
noted during analysis for safety events
rather than means or medians of pop-
ulations. Studies need to take into ac-
count the effect of dosing regimens,

Main Points

e Central nervous system (CNS) effects have been documented in various patient populations and to varying degrees in case reports,
brain activity surrogates, and computerized cognitive testing, but not in phase III or community studies.

e Comorbid conditions common in older patients, or additional medications with anticholinergic activity may make older patients
more susceptible to cognitive impairment and exaggerate the antimuscarinic drug effects on cognitive function.

e Molecular size, charge, and lipophilicity of parent and any active metabolites need to be considered for blood-brain barrier pen-

etration and CNS pharmacological effects.

e Transdermal delivery of oxybutynin provides a more stable serum level and favorably alters the levels of the parent compound
oxybutynin to the metabolite N-desethyloxybutynin and may influence oxybutynin penetration and its effects on the CNS.
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with doses selected to represent com-
monly prescribed doses with equiva-
lent bladder potency. The alterations in
the serum levels and parent/metabolite
effects contributed by metabolic issues
or drug delivery systems require special
attention. Metabolic issues such as al-
terations in cytochrome P450 metabo-
lism or drug-drug interactions may
define critical subpopulations.
Anticholinergic CNS effects have
been documented in various patient
populations and to varying degrees in
case reports, brain activity surrogates,
and computerized cognitive testing, but
nowhere as profoundly as in phase III
or community studies. At this time, no
individual method has been determined
to be definitive. Elderly patients, and in
particular the cognitively impaired, are
thought to be at greater risk with
contributions from the aging BBB,
polypharmacy effecting drug-drug in-
teraction and, in particular, anticholin-
ergic load, and a decreasing metabolic
reserve acknowledged as additional
risk factors. The CNS effects of anti-
cholinergic-AM agents are a serious
and complex issue about which we
cannot afford to be confused. ]

Dr. Staskin is a consultant to Watson
Pharmaceuticals, Inc.
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